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Abstract
A list of the aquatic macrophytes regarding the northern part (Swiss area), the
Pallanza Basin and the southern littoral of Lake Maggiore, has been reviewed from
available papers on taxonomy of the aquatic flora of this large subalpine Italian lake.
The spatial distribution of the submersed species, their relationships with some
environmental parameters, and the concentration of several heavy metals in plant
tissues have been also considered and widly discussed.
1. INTRODUCTION
Among the many limnological studies carried out on Lake Mag-
giore, those concerned with the aquatic macrophytes are undoubt-
edly scarce and largely incomplete. This gap is probably due to the
limited extension of the littoral zone compared with the large pelag-
ic area of this lake. Along the whole shoreline length (170 km) few
areas are morphologically suitable (type of substrata, slope, etc.) for
vigorous plant growth. The size of the lake (212.5 km2, length 54
km), therefore, and the reasonable conviction that aquatic macro-
phytes in this environment can contribute only in minimal part to
the total primary production and on the carbon cycle, may explain
- at least in part - the little attention paid up to now to the aquatic
vegetation of Lake Maggiore.
Though the macrophytes usually represent only a minor part of
the total biomass of large lakes, they deserve attention for a num-
ber of reasons. First of all, aquatic plants develop along the shore-
line of lakes, forming in some areas (e.g. Fondotoce: Guilizzoni and
Galanti, 1988, this volume) densely intergrown banks of vegetal liv-
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ing matter acting as some kind of "cordon sanitaire", protecting the
open waters of the lake from contaminants introduced into the lake
along its shoreline either by surface run-off or waste water injection,
and by the many small rivers and brooks. Furthermore, the macro-
phytes would fill the gap between the sediments as long-term memory
of lakes with respect to contamination and the unsuitably short resi-
dence time of contaminants in the water itself, which usually does
not make it possible to detect contamination shots from point sources
by reasonable sampling station density and sampling intervals.
However, because of the eutrophication problem and the risk of
industrial pollution, some valuable studies have been done on spe-
cies distribution (mostly submergents), particulary in the north and
south basins of the lake, and special emphasis given to the heavy
metal analyses in plant tissues of several submersed species (Gommes
et Muntau, 1975a, b, c, d; Gommes, 1976-77; Gommes et Muntau,
1976a, b; Gommes et Muntau, 198la, b, c, d, e; Lachavanne et Per-
fetta, 1981).
Only one note on the productivity of five macrophytes (I4C
technique) has been published (Lechowicz and Adams, 1975). In this
study, two points relevant to further investigations were discussed.
One, the importance of fruit-stored energy reserves for the rapid
growth of Trapa natans; two, the competitive strategies of two aquat-
ic plant invaders, Myriophyllum spicatum L. and Lagarosiphon major
(Ridley) Moss. These aspects were later partially dealt with in some
field and laboratory experiments (Adams, Guilizzoni and Adams,
1978; Galanti and Guilizzoni, 1985 and 1987).
The present paper has the aim of summarizing the most signifi-
cant results obtained so far and reviewing the general concepts and
conclusions of the macrophyte ecology of Lake Maggiore.
2. SPECIES COMPOSITION AND SPATIAL DISTRIBUTION
Historically, the first report on aquatic macrophyte distribution
was that of Dr. F. Sauer (Jiilich, Germany) during his short stay
at Pallanza in August 1958. From the herbarium he left, pertinent
to a survey of the littoral zone of the Pallanza basin, 13 submersed
species were identified (Appendix 1).
The lack of a detailed systematic study regarding this biota was
fortunately remedied about 15 years later by Gommes and Muntau
(1975) and Gommes (1976-77). In fact, in the framework of an investi-
gation concerning the relationships between the concentration of some
heavy metals in water, sediments and aquatic plants, a study on the
macrophyte vegetations of the southern basin of Lake Maggiore and
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the Pallanza basin was performed by the two above-mentioned
authors. By systematic sampling of about 60 collection sites, carried
out in October 1973 and May 1974 (Fig. 1), a list of the species ex-
isting at that time (Appendix 2) and their associations was established.
Each station was described in terms of the presence or absence
of anthropogenic influence, water depth and physical structure of
the substrata with their trophic characteristics. The presence of aquat-
ic macrophytes was investigated by means of direct observations in
situ. The total covering and the total fresh biomass of vegetation
in each zone was estimated and their relative percentage of species
dominance (percent of the total) was also calculated (method of
Braun-Blanquet). Two recently introduced Hydrocharitaceae,
Lagarosiphon major (often cultivated in aquaria under the name of
Elodea crispa) and Elodea densa (= Egeria densa, species easily con-
fused with Hydrilla verticillata) were found to be the most abundant
hydrophytes in the lake (Fig. 2). They were present in about 90% of
the investigated sites with mean values of covering (R%) of 19.6 and
15.7, respectively. Other species considered dominant were: Myri-
ophyllum spicatum (R°7o = 14.9), Vallisneria spiralis (R% = 0.8),
Najas marina (R% = 0.2), Ceratophyllum demersum, Ranunculus
aquatitis and Potamogeton perfoliatus (R% = 0.1). In addition, about
20 species considered less frequent or rare were identified (Appen-
dix 2).
On the basis of the principal component analyses, four vegeta-
tion types were recognized. The first, in deep and less eutrophic water,
was dominated by E. densa and M. spicatum covering 60% of bot-
tom surface. The second (40% covering) was dominated by L. major,
M. spicatum and C. demersum or Potamogeton crispus and P. per-
foliatus; in these associations, the very common E. densa was near-
ly absent. The third and fourth vegetation types (about 10% covering)
were almost monospecific stands of V. spiralis or C. demersum in
calm and nutrient-rich waters.
The coefficients of correlation between the most abundant spe-
cies were also calculated. From these, two correlations were statisti-
cally significant, indicating that the abundance of Najas is positively
related with the abundance of Ceratophyllum and negatively with the
richness of Lagarosiphon. The interpretation of these correlations
is often difficult and only the sign has a precise meaning: if posi-
tive, it indicates severe competition between species; whereas if nega-
tive, it means that one species has been eliminated (Goodall, 1953).
Additional information on species ecology and phenology is reported
in Gommes (1976-77, Fig. 3). The author noted that the growth activity
of the macrophytes in Lake Maggiore begins at a water temperature
of about 8°C and stops when the temperature drops below 13°C.
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Fig.l - Central and southern part of Lake Maggiore: sampling stations of submersed macro-
phytes. Re-drawn from Gommes and Muntau (1975). See Appendix 2 for station names
(localities).
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Fig. 2 - In situ photographs of the two most abundant Hydrocharitaceae of Lake Maggiore 
(southern basin). Lagarosiphon major (Ridley) Moss (left) and Elodea densa (Planch.) 
Casp. (=  Egeria densa Planch.); (right). Photo by Mr. Gianfranco Giudice. 
The pale pink to white female flowers of L. major (rarely observed in Italian water 
bodies), attached to the stem by long slender stalks, are only a few mm across and 
float on the surface. Similar to Elodea from which it is distinguished by its marked- 
ly recurved strap-shaped leaves. 
From a comparison of the various investigated sites, a shift of 
phenological events such as flowering and fructification was no- 
ted in several species. Nevertheless, as far as these phenomena are 
concerned, the temporal rank of the different species was exact- 
ly the same whatever site was considered. The most noteworthy 
result shown in figure 3 is the limited period of flowering for most 
of the species. The flowering of Lagarosiphon has been found only 
once during November, whereas Elodea densa blooms abundantly. 
E. densa, obviously, does not fructify, as only male individuals are 
present. 
More recently, a comprehensive study on aquatic vegetation 
(emergent and submergent) of the northern basin of Lake Maggiore 
(20% of total surface, Fig. 4) was accomplished by Lachavanne and 
Perfetta (1981) on behalf of the Swiss Confederation, in the con- 
text of a wider program also including Lake Lugano (Switzerland). 
The objectives of the research were to produce a map of the distri- 
bution of the aquatic vegetation on the Swiss shore of the lake, to 
consider the evolution of the macrophyte communities by compari- 
son with the past an, finally, to relate the current situation to the 
trophic condition of the lake water. 
By means of aerial photographs, 39 cartographic units (U.C.) were 
defined and then investigated also by making a large number of in 
situ observations (Fig. 4). Different zones of vegetation were identi- 
fied in each cartographic unit and described with regard to the phys- 
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Fig. 3 - Phenology of the main submersed macrophytes of Lake Maggiore. FL and the asterisk indicate floating-leaved species and period of re-growth,
respectively...: presence of vegetative organs; : beginning of growth;i=i3: flowering period; ••• : presence of fruits. From Gommes
(1976-77).
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Fig. 4 - Northern part of Lake maggiore: sampling stations of aquatic macrophytes. Modified from Lachavanne and Perfetta (1981).
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ical characteristics of the biota, the composition of the flora and
the relative percentage of the species as well as the macrophyte den-
sity of each zone (Lachavanne and Wattenhofer, 1975; Lachavanne
and Perfetta, 1981). 41 species (48 if we consider some species col-
lected in the marshy area near the lake) were identified, 36 of which
belong to the group of Phanerogama, 3 to the Briophyta and 2 to
the Charophyta (Appendix 3). All these species were classified in three
frequency groups according to their presence in the 39 U.C.; 13 spe-
cies were considered rare (present in less than 5% of the U.C.), 16
were placed in the class 5-20%, while 8 species were included in the
class 20-50%, thus being considered frequent. No species was found
to be very frequent or present with a frequency higher than 50°7o.
The emergent vegetation was found to be dominated by Phrag-
mites australis and occasionally by Typhoides arundinacea,
Schoenoplectus lacustris and Iris pseudoacouros. The submerged
vegetation turned out to be very scarce despite its richness in species
(23 species present). Ranunculus sp., Vallisneria spiralis, Potamogeton
crispus, P. perfoliatus, Zannichellia palustris and Myriophyllum
spicatum were the most representative macrophytes in this biologi-
cal group. Littoral sites such as Valmara, Brissago, Ponte Nevedone,
Bordorello, Ronco, Ascona, Moscia, Muralto and the delta of the
River Maggia were completely devoid of aquatic vegetation.
Comparing the situation with that of the past (bearing in mind
the scant information available - Koch, 1950; Meyer, 1976), the
authors emphasized the reduction by 23% of the floristic richness
(disappearance of 28 species) in spite of the appearance of 15 new
species (Appendix 4). As regards the evolution of the vegetation, a
marked decrease in the reed community and P. perfoliatus was not-
ed in addition to the disappearance in several zones of S. lacustris
(Lachavanne et Perfetta, 1981).
In general, the macrophyte vegetation of this part of Lake Mag-
giore was considered to be abnormally sparse in spite of the meso-
eutrophic condition of the lake. Three factors were held responsible
for this situation: a) the wide fluctuation of the water level; b) tur-
bidity of the water reducing the penetration of light during the grow-
ing period of the submergent macrophytes; and c) the inhibitory
effects of toxic substances of both agricultural and industrial ori-
gin, which reach the basin in various ways. At the end of their study,
Lachavanne and Perfetta (1981) emphasized that other causes might
be suspected of limiting the growth of the aquatic vegetation in Lake
Maggiore. These causes should be properly identified in order to carry
out the protection strategies necessary for an improvement of the
negative situation outlined above.
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3. AQUATIC MACROPHYTE HEAVY METAL CONCENTRATIONS
The studies conducted at the Joint Research Centre, Ispra, of
the Commission of the European Communities on the aquatic mac-
rophytes of Lake Maggiore between 1973 and 1976 were an essen-
tial element in the framework of an extended and complex study of
heavy metal mass balance in southern Lake Maggiore (Muntau,
1981a, b).
From studies in phytogeochemical prospecting (Cannon, 1960)
and many earlier observations (Hawkes and Webb, 1962), species-
specific metal accumulation by terrestrial plant species is well known,
and it was our hope that either metal-specific aquatic plant species
or at least some unspecific metal group accumulator species could
be found, which would allow some kind of metal input "monitor-
ing" and thus assist the rather unsafe monitoring of rapidly chang-
ing metal concentration in the water itself.
First experiments near the outlets of Rivers Bardello and Mon-
vallina encouraged further attempts. Both rivers carried waste waters
from electroplating industries and the aquatic macrophytes and bryo-
phytes growing along the water courses showed accordingly high con-
centrations of Co, Ni, Cr, Zn, Cd, Ag and Au. One bryophyte
in particular (Platyhypnidium riparioides), forming extended beds
of several hundred metres along the River Monvallina, showed in
1972 the average metal concentrations reported in table 1.
Tab. 1 -Trace element concentrations measured in BCR Reference Material No. 61 Pialy-
hypnidiuin riparioides (River Monvallina).
Element Concentration Element Concentration Element Concentration
(mg/kg) (mg/kg) (mg/kg)
Cd
Cr
Mn
Mo
B
Sc
U
Ag
V
Tb
Cl
1.07
432
3771
11
77
1
0.26
2
6
0.2
12
Co
Hg
La
Zn
Sb
Ni
W
Sn
Eu
Br
43
0.23
5
566
1
420
239
13
0.2
22
Cu
Cs
Pb
Rb
F
Se
Tl
Au
As
Ta
720
0.6
64.4
32
60
1
0.13
0.22
7
0.5
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Table 2 shows a synopsis of aquatic macrophytes studies con-
ducted at the JRC-Ispra (Chemistry Division). Any attempt to review
would go beyond the scope of this paper and the reader is referred
to the original papers cited above.
Two aspects, however, were been considered in the earlier papers.
First of all, the systematic study was conducted on the 17 most abun-
dant plant species, leaving aside the rarer species and discarging also
the aberrantly high metal concentration values in order to obtain
a more homogeneous data pool for the statistical data treatment.
From the environmental point of view, however, the extreme values
Tab. 2 - Aquatic macrophyte studies performed at the JRC-Ispra (Chemistry Division).
Objective
Year
of
sampling
References
Preliminary studies
Metals in aquatic plants
Flora of Lake Maggiore
Submersed plants
Average chemical
composition and trace
element contents of the
17 most abundant species
Seasonal variations of
chemical compositions
and trace elements in the
most abundant species
Differentiation of major
and trace elements within
the plant organs
Laboratory uptake
experiments with aid of
radiotracers (9 species)
In-situ uptake ex-
periments
Turn-over rates of metals
between aquatic plants,
sediments and water
1973 Gommes R. and H. Muntau,
1975b and c
Gommes R. and H. Muntau,
1976a and b
1973-1974 Gommes R. and H. Muntau,
1975a
1974-1975 Gommes R. and H. Muntau,
1981e
1974-1975 Gommes R. and H. Muntau,
1981d
1973-1974 Gommes R. and H. Muntau,
1981a
1975 Gommes R. and H. Muntau,
1975
1976 Gommes R. and H. Muntau,
1981b
1976 Gommes R. and H. Muntau,
1981c
The aquatic macrophytes of Lake Maggiore 245
are interesting as well, since they may reflect the influence of
unknown contamination point sources. Secondly, the above-
mentioned studies consider major elements such as Si, Al, C, N,
K, P, S, Ca, Mg, Na and trace elements suchas Fe, Mn, Cr, Ni,
Cu, Zn, Pb, Cd, and Hg. Later on the study was completed apply-
ing neutron activation analysis to the determination of As, Se, Sb,
Sn, Br, Mo, W, Ag, Rb, Cs, La, Ce, Sc, Co, Au and U (Muntau
and Schramel, unpublished data). Hence, it may be worthwhile to
discuss briefly the data not published so far, with particular emphasis
on possibly hidden metal accumulation effects.
One of the most interesting findings was the nikel accumulation
by Eleocharis palustris (3689 mg/kg). Other species collected at the
same site - Gratiola officinalis (82 mg/kg) and Littorella uniflora
(111 mg/kg) - indicate a slight contamination of the collecting site.
The most regular nichel accumulator species was Myriophyllum spica-
tum (840, 546, 392 and 248 mg/kg) followed by Ranunculus pelta-
tus (241 mg/kg). Species ranking with respect to accumulation
efficiency reads as Eleocharis > Myriophyllum > Platyhypnidium
> Littorella > Ranunculus > Fontinalis > Vallisneria > Cer-
atophyllum > Najas.
Ceratophyllum demersum showed 10 out of the 19 highest zinc
concentration values, ranging from 677 to 1464 mg/kg, followed by
Egeria densa, ranging from 1004 to 1442 mg/kg. Myriophyllum spica-
tum and Potamogeton crispus too exceeded in some cases 1000 mg/kg
(1186 and 1060 mg/kg, respectively). Accumulation ranking was Cer-
atophyllum > Egeria > Myriophyllum > P. crispus > Ranuncu-
lus > Najas > Platyhypnidium > Littorella.
Out of the five highest lead concentration values, four were found
in sample of Egeria densa (298, 267, 243 and 238 mg/kg); next best
collector species of lead was Littorella uniflora and also Myriophyl-
lum spicatum exceeded 200 mg/kg. Interestingly, the 29 highest lead
values were found near boat traffic areas (Laveno, Arona, Stresa,
Baveno, Angera and Sesto Calende). Species ranking was Egeria >
Littorella > Myriophyllum > Fontinalis > Lagarosiphon > Najas.
Littorella uniflora accumulates chromium at all collecting sites.
Out of the six highest chromium concentrations encountered, four
were Littorella values (660, 627, 582 and 524 mg/kg), next was
Potamogeton crispus (504 mg/kg) and Fontinalis antipyretica (549
mg/kg). Eleocharis palustris, found to collect nickel, accumulates
chromium as well (540 mg/kg). Species ranking was Littorella >
Fontinalis > P.crispus > Eleocharis > Platyhypnidium > Myri-
ophyllum > Ceratophyllum.
Copper concentrations were found in nearly all of the species and
all collected samples at surprisingly uniform and low levels, in the
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range of 10 to 20 mg/kg. One particular station (River Monvalli-
na), known to carry waste waters from electroplating industries,
showed the maximum concentrations values for all observed species:
Platyhypnidium riparioides collected 255 mg/kg, Myriophyllum spica-
tum 120 mg/kg and Ranunculus peltatus 64 mg/kg. The species rank-
ing was Platyhypnidium > Myriophyllum > Ranunculus > Trapa
> Fontinalis > Spirogyra > Littorella.
Egeria densa (18 mg/kg) and Littorella uniflora (14 mg/kg) were
the best cadmium accumulator species found, both of them (inciden-
tally), from stations (No. 25 and 4) not suspected of any particular
contamination. From the latter station, samples of Ceratophyllum
demersum and Lagarosiphon major confirmed the presence of cad-
mium sources (9.6 and 10.5 mg/kg, respectively); most interestingly
the rare species Elatine hexandra from station 25 showed 7 mg/kg.
Species ranking was Egeria > Littorella > Ceratophyllum >
Lagarosiphon > Myriophyllum > Elatine.
The mercury status of Lake Maggiore leads one to expect values
well above the concentrations found in uncontaminated areas and the
8.6 mg/kg (Trapa natans) and 7.4 mg/kg (Ranunculus peltatus), both
collected near the outlet of the River Toce, were not really surprising.
More exciting was a series of Myriophyllum spicatum samples
from "down-lake" (3.8, 3.3, 3.1 and 2.5 mg/kg), most of them cor-
related with clearly increased cadmium concentrations. Again the area of
station 25 appeared contaminated, where the above-cited Elatine hex-
andra showed 108 mg/kg of mercury. Species ranking for mercury
collecting efficiency was Trapa > Ranunculus > Ceratophyllum >
Vallisneria > Myriophyllum > Nymphoides > Egeria > Najas.
The watershed of Lake Maggiore hosts an extraordinary wealth
of mineral occurrences which gave rise to fluorishing gold mining
from the time of the Roman Empire, the gold-bearing minerals be-
ing pyrite and arsenopyrite, the water-soluble weathering products
of which most certainly still reach the lake today.
A number of plant species show elevated arsenic concentrations
above 10 mg/kg: Polygonum amphibium (28 mg/kg), Ultricularia
vulgaris (20 mg/kg), Elodea canadensis (80 mg/kg), which also shows
the highest antimony value encountered (26 mg/kg), Fontinalis an-
tipyretica (19 mg/kg) and Elatine hexandra (13 mg/kg). The best
collector species was Ceratophyllum demersum, which reached 120
mg/kg in the Pallanza basin near Feriolo, obviously correlated to
arsenic-carrying waters from a nearly mineral (arsenopyrite) occur-
rence between Feriolo and Baveno. A unique concentration value
was found in one of the very rare species, Hottonia palustris, col-
lected at station 61 near Sesto Calende. The value of 293 mg/kg,
confirmed by a second analytical technique, might indicate a "hot
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spot", i.e. an intensely emitting arsenic point source, a hypothesis
not much supported by the other species collected in that area; or
else Hottonia is a highly efficient arsenic collector.
Though antimony is geochemically closely associated with arsenic,
only low values below or around 1 mg/kg were found, and more
surprisingly, there is no clear correlation between arsenic and an-
timony values. One explanation is that both elements follow differ-
ent post-mining dispersion paths, due to the rapid hydrolysis of
antimony compounds in aqueous systems. Few plant species reached
3 mg/kg (Elatine hexandra, Fontinalis antipyretica, Najas marina,
Potamogeton crispus). Myriophyllum spicatum is ther most efficient
collector species reaching 14 and 19 mg/kg and incidentally, the same
holds for another arsenic associate in geological settings, selenium,
though the values are usually below 1 mg/kg, and the 2.0 mg/kg
in Myriophyllum spicatum is the exception to the rule.
Very little is known about the cycles of rare elements such as
molybdenum, tin and silver in lakes, mostly because of the inherent
difficulties associated with their analysis.
Tin is evidently collected by quite a number of plant species.
Again, the two highest values found were those of Myriophyllum
spicatum (166 and 85 mg/kg); Fontinalis antipyretica (68 mg/kg) and
Najas marina (60 mg/kg) followed. Nine other species, amongst them
again Elatine hexandra, showed elevated values between 30 and 50
mg/kg. Species ranking was Myriophyllum > Fontinalis > Najas
> P.perfoliatus > Lagarosiphon > Egeria.
Molybdenum, like copper, shows a rather restricted concentra-
tion range of between 1 and 3 mg/kg. There are not many species
which accumulate molybdenum to significantly higher concentrations.
The highest value by far was observed in Trapa natans, a species
known for its manganophilly (66 mg/kg); Ranunculus peltatus (16
mg/kg) and Littorella uniflora (11 mg/kg) follow and as the sam-
ples showing increased molybdenum concentrations were collected
in the Pallanza basin, this suggests geochemical implications. Spe-
cies ranking was Trapa > Ranunculus > Littorella > Myriophyl-
lum > Najas.
Only a limited number of samples exceeded the detection limit
of the method for the determination of silver (0.05 mg/kg), but when
detected, it was correlated in all the cases with detectable concen-
trations of gold, while gold in many cases was detected without detec-
table silver concentrations. These silver-gold associations were ex-
pecteds for the rivers Bardello and Monvallina, fed by the waste wa-
ters of specific industries. Additional sites with detectable silver-gold
accumulations were surprisingly detected "down-lake" near Sesto Ca-
lende, where three species (Najas marina, Potamogeton perfoliatus
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and Polygonum amphibium) accumulated measurable concentrations.
Najas marina reached 9.5 mg/kg of silver and 0.25 mg/kg of gold.
The highest gold concentration encountered was 0.41 mg/kg
(Myriophyllum spicatum) at the outlet of the River Monvallina. In-
terestingly, at one collection site (No. 51, between Baveno and Feriolo)
Fontinalis antipyretica accumulated 0.23 mg/kg of gold, which with
all probability can be ascribed to geochemical origin. Species rank-
ing was:
Ag: Myriophyllum > P.perfoliatus > Najas > Fontinalis >
Lagarosiphon > Polygonum.
Au: Najas > Lagarosiphon > Nymphoides > Myriophyllum >
P.perfoliatus > Polygonum.
4. CONCLUSIONS
The aquatic macrophytes of the littoral zone of the southern and
Pallanza basins of Lake Maggiore are dominated by the two al-
lochthonous plants Lagarosiphon major and Elodea densa introduced
into this ecosystem during the 40s (Stucchi, 1952; Gommes et Mun-
tau, 1975a). On the contrary, in the northern part of the lake, these
two species were indicated as rare by Lachavanne and Perfetta (1981).
On the whole, in accordance with the two above-cited studies, Myri-
ophyllum spicatum, Potamogeton perfoliatus, Ranunculus sp., var-
ious other species of Potamogeton and Vallisneria spiralis are the
most abundant species in Lake Maggiore (see Appendix 2 and 3).
Zannichellia palustris, one of the most frequent macrophytes in the
northern part of the lake, has been only occasionally found in the
southern basin. If we consider only the submersed macrophytes, the
littoral zone of Lake Maggiore has been colonized during the last
decade by 64 species (41 and 23, respectively in the southern and
northern part).
This species composition is characteristic of most subalpine lakes;
exceptions are L. major and V. spiralis, species that are not found
in lakes north of the Alps (Lachavanne et Perfetta, 1981).
From the studies carried out, the aquatic vegetation of Lake Mag-
giore appears to be rich in species although their relative abundance
is quite low. The species composition of this large lake is typical of
an environment with a high trophic level. This conclusion derives
from the rare presence of the Charophytes, the almost total disap-
pearance of Isoetes species, the limited extension of macrophytes (up
to 4 m of water depth) such as M. spicatum, P. perfoliatus, V. spiralis
and others which, as is known, are species characteristics of rich
nutrient waters (Schulthorpe, 1967; Guilizzoni, 1985).
The aquatic macrophytes of Lake Maggiore 249
The limited extension of the aquatic vegetation, in contrast with
that observed, for example, in Lake Leman (Lachavanne et Wat-
tenhofer, 1975) is due to the type and slope of the bottom, to the
direct human intervention on the lake shores, and probably to the
toxic effects of some heavy metals.
As regards the northern part of the lake only, the evolution of
macrophytes since the beginning of the XX century, has shown an
important modification of the species composition (mostly emer-
gents): 28 species were not found and 15 new ones have been ob-
served (richness loss of about 22%). Unfortunately, no past
information exists on aquatic plants in the remaining littoral zones
of the lake. However, qualitative in situ inspections make it possi-
ble to say realistically that also in several areas of the southern and
Pallanza basin, the submergent species as well as the reed commu-
nity is nowadays reduced compared with the recent past. This is par-
ticulary true for littoral zones such as the wetland of Fondotoce
(Guilizzoni and Galanti, 1988, this volume) and the vast area included
between sampling stations 10 and 14 (cf. Fig. 1).
In evaluating the accumulation effects - in terms of environmental
significance - observed for the 14 most important trace elements (Hg,
Cd, Pb, As, Cu, Cr, Ni, Zn, Mn, Au, Ag, Sn, Sb, and Mo) with
respect to the 41 aquatic plant species collected in southern Lake
Maggiore between August 1973 and August 1976, we expected an-
swers to two questions:
- are there specific metal collector plant species present in Lake
Maggiore?
- which of the present plant species behave as unspecific collector
species?
Our data do not support the hypothesis of metal-specific spe-
cies. Single observations such as that of Hottonia palustris (arsenic)
and Eleoacharis palustris (nickel) are certainly no more than a pointer
to further research.
With regard to non-specific metal accumulation, the situation
looks somewhat more promising. Amongst the 41 species collected
and examined between 1973 and 1979 there are at least a dozen show-
ing high accumulation potential for more than one element.
The multi-element ranking of the plant gave the following results:
Myriophyllum > Ceratophyllum > Fontinalis > Littorella > Na-
jas > Trapa > Ranunculus > Egeria.
Myriophyllum spicatum collects all of the metal considered; others
such as the bryophytes show multi-element accumulation potential,
but unfortunately from this point of view, they occur only sparsely.
Considering the great lack of homogeneity between plant associ-
ations, the many chemical and physiological factors which might in-
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fluence metal uptake and the many uncertainties associated with sam-
pling procedures, this first analysis of the data pool suggests that
most, if not all, aquatic plants accumulate metals unspecifically to
a certain extent.
Laboratory radiotracer experiments with 203-Pb and 9 plant spe-
cies from Lake Maggiore (Potamogeton crispus, Elodea canaden-
sis, Najas marina, Platyhypnidium riparioides, Vallisneria spiralis,
Lagarosiphon major, Egeria densa, Ceratophyllum demersum, Myri-
ophyllum spicatum) support such a hypothesis (Gommes et Mun-
tau, 1975d).
All of them continued to accumulate as long as they were alive.
Lead concentrations in the dry matter as high as 19700 mg/kg were
observed; uptake rates ranged between 1.52 and 3.76 /ttg Pb/g fresh
weight and had a lead water concentration of 100 /xg/1. It would be
most rewarding to continue this kind of study, discriminating be-
tween passive and active uptake mechanisms.
Lake Maggiore and its numerous known metal point sources (Hg
- River Toce; Cr, Ni, Cu, Zn, Ag, Au - Rivers Bardello and Mon-
vallina; Cd, Se - Cerro and Laveno, to name a few) allow some sort
of "calibration" of metal collector species, both the "all-rounders"
and the - presumed - "specialists".
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SUMMARY
The submersed aquatic macrophytes of the southern and Pallanza
basin of Lake Maggiore are dominated by the two allochthonous
plants Lagarosiphon major and Elodea densa, whereas in the north-
ern part of the lake (Swiss area), Zannichellia palustris, Myriophyl-
lum spicatum, Potamogeton perfoliatus, P.crispus and Vallisneria
spiralis are the most abundant species. On the whole, 64 species have
been found although their relative abundance is quite low. As regard
the northern part only, the evolution of macrophytes since the be-
ginning of the XX Century, has shown an important modification
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of the species composition: 28 species (included some emergent too)
were not found and 15 new ones have been observed. No historical
data exist on the remaining part of the lake. Other than the floristic
and species distribution aspects, many studies have been carried out
with the aim of evaluating the accumulation effects, in term of en-
vironmental significance, of the most important heavy metals (Hg,
Cd, Pb, As, Cu, Cr, Ni, Zn, Mn, Au, Ag, Sn, Sb, Mo), with respect
to the 41 submersed species collected in southern Lake Maggiore.
The multi-element ranking of the plant species, the results gave the
following results: Myriophyllum > Ceratophyllum > Fontinalis >
Littorella > Najas > Trapa > Ranunculus > Egeria.
Contrary to the well established phytogeochemical prospecting
of species-specific metal accumulation by terrestrial plants, the results
obtained from Lake Maggiore do not support the hypothesis of metal-
specific species.
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APPENDIX 1 - Species of submersed macrophytes found during 1958 in Lake Maggiore (Pal-
lanza basin).
SPECIES DISTRIBUTION
Isoetes echinospora Durien
Vallisneria spiralis L.
Najas marina L. var. intermedia
Elodea densa Planchon
Potamogeton lucens L.
Potamogelon perfoliatus L. f. typicus
Potamogeton lucens L. f. vulgari Cham
Potamogeton pectinatus x filiformis? Lupers
Trapa natans L. var verbanensis De Notaris
Myriophyllum spicatum L.
Ceratophyllum demersum L.
Nymphaea alba var. minor De Notaris
Fondotoce
Isola Pescatori
Isola Madre
Isola Pescatori
Isola Madre
Is. Madre e Pescatori
Fondotoce
Isola Madre
Fondotoce
Isola Pescatori
Isola Pescatori
Angera
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APPENDIX 2. - Submersed macrophytes of Lake Maggiore in 1973-74. (South and Pallanza
basins). Rearranged from Gommes and Muntau (1975) and Gommes (1976-77).
Covering Species Distribution
(Fig. 1)
ABUNDANT
19.6 Lagarosiphon major (Ridley) Moss
15.7 Elodea densa (Planch.) Casp.
14.9 Myriophyllum spicatum L.
0.8 Vallisneria spiral is L.
0.1 Ceratophyllum demersum L.
0.1 Ranunculus gr. aquatilis L.
0.2 Najas marina L.
0.1 Potamogeton perfoliatus L.
LESS ABUNDANT
<0.1 Potamogeton crispus L.
Potamogeton lucens L.
Elodea canadensis Michx.
Nitella flexilis (L.) Ag.
Littorella uniflora (L.) Asch.
Polygonum amphibium L.
Trapa natans v. verbanensis
(De Not.) Schinz
almost all stations
2, 4, 5, 16, 22, 44, 26, 28,
29, 30, 31, 34, 35, 52, 54
almost all stations
4, 5, 9, 13, 14, 15, 17, 18,
22, 28, 34
2, 4, 9, 13, 17, 22, 44, 28,
29, 31, 35, 36, 51
5, 13, 22, 47, 31
13, 16, 44, 46, 31
1, 5, 7, 13, 20, 22, 26, 27,
31, 41, 54
36, 52
2, 27, 38, 61
4, 22, 31,
30, 31, 35, 38, 51
20, 25, 46, 51, 58, 61
25, 58, 60, 61
5, 9, 38, 10, 55, 58, 60, 73
RARE
Hydrocharis morsus-ranae L.
Utricularia vulgar is L.
Potamogeton natans L.
56
56
28, 56
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APPENDIX 2. - Continued.
% Covering Species Distribution
(Fig. 1)
RARE Potamogeton cf. alpinus Balbis 73
Nymphaea alba L. 9, 25, 56, 73
Myriophyllum verticillatum Godron 36, 56
Ranunculus baudotii Godron 73
" penicillatus (Dum.) Bab. 22, 37
" peltatus Schrank 22, 10
" tricophyllus Chaix 58
" circinatus 58
" reptans L. 46, 51, 58
" sceleratus L. 56
" " lingua L. 56
Isoetes setacea Lam (= I. echinospora Dur.) 58, 51
Nuphar lutea (L.) Sm. 9, 56, 73
Nymphoides peltata (Gmel.) O. Kuntze 9, 58
Elatine hexandra (Lap.) DC 25, 58, 56
Zannichellia palustris L. 22
Hottonia palustris L. 19, 56, 61
Eleocharis acicularis (L.) Roem & Schult. 58, 51
Lemna minor L. 5
Fontinalis antipyretica Hedw. 51, 61
Callitriche hamulata Kiitz in Koch 51, 61
" " obtusangula Le Gall 18, 36
Hippuris vulgaris L. 9, 56, 73
Sites of the sampling stations
1 L'Americana
2 Laveno
3 Boesio
4 Cerro
5 Reno
6 S. Caterina del Sasso
7 Arolo
8 Ballarate
9 Cantone
10 Monvallina
11 Bardello
12 Acqua Nera
13 P.ta Ispra
14 Promontory of Ispra
15 Sasso Cavalazzo
16 Ranco
17 Angara
18 Promontory of M. Forca
19 Stream Vepra
20 Lisanza
22 S. Calende
23
25 Dormelletto
26 Arona
27 Meina
28 Solcio
29 Lesa
30 Belgirate
31 Stresa
32 Stream Erno
33 Stream Tiasca
34 Baveno
35 Ferriolo
36 Stronetta
37 River Toce
38 Mouth of R. Toce
39 Suna
40 Stream S. Bernardino
41 Intra
42 Stream S. Giovanni
43 Stream Spessa
44
45
46 Quassa
47
51
52
53
55
56
58
59
60 Bay of S. Anna
61 La Rotta
62
63 Stream Strolo
64
65
72
73
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APPENDIX 3. - List of aquatic macrophytes of Lake Maggiore in 1980 (Swiss part) fom La-
chavanne and Perfetta (1981).
Species Distribution
(Fig. 4)
ABUNDANT (20-50% of the U.C.)
Phragmites australis (Cav.) Trin. 3, 5, 6, 8, 10, 13, 14, 15,
16, 19, 24
Typhoides arundinacea (L.) Moech 5, 10, 14, 16, 17, 18, 19, 20,
21, 22, 23, 24, 26
Ranunculus spp. 1, 4, 7, 9, 10, 11, 13, 18,
20, 22, 23, 26
Vallisneria spiralis L. 1 ,2 , 4, 9, 10, 14, 16, 18,
21, 22, 23
Potamogeton crispus L. 1, 2, 5, 9, 13, 14, 18, 21,
22, 23, 25
Potamogeton perfoliatus L. 2, 9, 10, 13, 17, 19, 21, 25
Zannichellia palustris L. 5, 6, 13, 14, 17, 21
Myriophyllum spicatum L. 1, 3, 4, 9, 10, 18, 21
LESS ABUNDANT (5-20% of the U.C.)
Heleocharis acicularis (L.) Roem et
Shult 5, 10, 11, 13, 14
Iris pseudoacorus L. 5, 8, 13, 14, 15, 16
Potamogeton panormitanus Biv. 5, 13, 14, 17
Elatine hydropiper L. 9, 10, 12, 13, 18
Littorella uniflora (L.) Ascherson 3, 5, 10, 11
Schoenop/ectus lacustis (L.) Palla 13, 14, 15, 16
Callitriche sp. 5, 12, 13, 14, 18
Fontinalis antipyretica L. ex Hedw. 11, 14, 18, 22
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APPENDIX 3. - Continued
Species Distribution
(Fig. 4)
RARE (< 5% of the U.C.)
Alisma plantago-aquatica L. 13, 14, 15, 16
Hippuris vulgar is (L.) 12, 13, 16
Nasturtium officinale R. Br. 12, 13
Lemna minor L. 12, 13, 14, 18
Nilella gr. opaca Agardt. 22, 24
Nitella gr. flexilis Agardh 11
Lagarosiphon major (Ridley) Moss 1, 22
Najas marina L. 13, 14
Alisma lanceolatum With. 12, 14, 16
Carex pseudocyperus L. 15
Sparganium microcarpum (Neuman)
Celak. 15
Sparganium ramosum Hudson 14
Sparganium cf. minimum Wallr. 16
Typha sp. 15
Veronica anagallis-aquatica L. 14
Veronica beccabunga L. 13, 14, 15
Riccia fluitans L. 14
Octodiceras fontanum (La Pyl.) Lindb. 18
El odea canadensis Michx 15, 18
Juncus capitatus Weigel 5
Juncus effusus L. 9, 15
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APPENDIX 3. - Continued
Species Distribution
(Fig. 4)
Callitriche hamulata Kiitzing
Callitriche cophocarpa Sendtner
Myosotis caespitosa C.F. Schultz
Potamogeton berchtoldii Fieber
Potamogeton nodosus Poiret
Lindernia pyxidaria All.
Itnpatiens glandulifira Royle
Polygonum persicaria L.
Equisetum palustre L.
Ceratophyllum demersum L.
Rorippa amphibia L.
15, 18
12, 15
12
9
7, 15
11
15
15
15
15
13, 14
Legenda
1 Brissago
2 Ronco-harbour
3 Moscia
4 Ascona
5 Mouth of River Maggia
6 Locarno Lido
7 Muralto
8 Rivapiana
9 Navegna
10 Roccabella
11 Mappo
12 Ressiga
13 Brere
14 Bolle di Magadino
15 Magadino di Sopra
16 Magadino
17 Magadino Station
18 Vira
19 Piazzogna
20 Alabardia
21 S. Nazzaro Station
22 S. Nazzaro
23 Serra
24 S. Abbondio
25 Ranzo
26 Dirinella (Italy-
Switzerland border
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APPENDIX 4. - Aquatic macrophytes of Lake Maggiore (Northern part). + : presence; -: ab-
sence. From Lachavanne and Perfetta (1981).
PLANTS PAST PRESENT
OBSERVATIONS OBSERVATIONS
Kmergents
Alisma lanceolatum With. + +
A/isma plantago-aquatica L. + +
Car ex pseudocyperus L. +
Carex spp. +
Elatine hexandra (Lapierre) D.C. +
Elatine hydropiper L. + +
Heleocharis acicularis (L.) Roem et Schult. + +
Heleocharis antropurpurea (Retz.) Kurth. +
Heleocharis palustris (L.) Roem. et Schult. +
Heleocharis uniglumis (Link) Schult. +
Hippuris vulgaris L. + +
Iris pseudoacorus L. + +
Limosella aquatica L. +
Littorella uniflora (L.) Ascherson + +
Ludwigia palustris (L.) Elliott +
Nasturtium officinale R. Br. + +
Phragmites australis (Cav.) Trin. + +
Ranunculus reptans L. +
Schoenoplectus lacustris (L.) Palla. + +
Schoenoplectus mucronatus (L.) Palla. +
Schoenoplectus supinus (L.) Palla. +
Schoenoplectus triquetrus (L.) Palla. +
Sparganium microcarpum (Neuman) Celak. +
Sparganium ramosum Hudson. +
Sparganium simplex Hudson. +
Typha sp. +
Typhoides arundinacea (L.) Moench + +
Veronica anagalis-aquatica L. +
Veronica beccabunga L. + +
Submergents
Chorales:
Char a del ica tula Agardh. +
Chara fragilis Desv. +
Nitella gr. opaca Agardh. +
Nile/la gr. flexilis Agardh. +
Nitella sp. + ( + )
Bryophyta:
Amblystegium riparium (Hedw.) B.S.G. +
Fontinalis antipyretica L. ex. Hedw. +
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APPENDIX 4. - Continued.
PLANTS PAST PRESENT
OBSERVATIONS OBSERVATIONS
. ^
Pteridophyta:
Isoetes echinospora Dur. +
Tracheophyta:
Callitriche caphocarpa Sendtner +
Callitriche hamulata Kiitzing. + +
Callitriche pedunculata D.C. +
Callitriche stagnalis Scop. +
Elodea canadensis Michx. + +
Elodea densa (Planchton) Caspary +
Groenlandia densa (L.) Fourreau. + +
Lagarosiphon major (Ridley) Moss. +
Myriophyllum alterniflorum D.C. +
Myriophyllutn spicatum L. + +
Myriophyllum verticillatum L. +
Najas marina L. + +
Potamogeton berchtoldii Fieber. + +
Potamogeton crispus L. + +
Potamogeton lucens L. +
Potamogeton natans L. +
Potamogeton panormitanus Biv. +
Potamogeton perfoliatus L. + +
Ranunculus aquatilis L. +
Ranunculus pennicilatus (Dumort) Bab. +
Ranunculus trichophyllus Chaix. + +
Ranunculus x trichophyllus (?) +
Sparganium cf. minimum Wallr. +
Vallisneria spiral is L. + +
Zannichellia palustris L. + +
Floating plants
Bryophyta:
Riccia fluitans L. +
Tracheophyta:
Ceratophyllum demersum L. + ( + )
Ceratophyllum submersum L. +
Lemna gibba L. +
Lemna minor L. + +
Utricularia vulgaris L. +
